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SAFETY COMMITTEE REGULATIONS

g ] FOR HANDLIBG C-616
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& \§| IHTRODUCTION
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§ ‘5 Thie bulletin is intended %o fomilisrize those pereonsg
NG
5 S handling C-616 with the hazards of the material and to sdvise safe
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gg‘ E§ handling precedures for ths protection of themselves ané fellow
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g:i \ _E:g workers
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2\NEE €615 i¢ 2 vhite 201id which vzporizes ai rcom temperature,

gnd in contact with aiv 1t gives off dense white fumee which céntain
EF and @ %oxic dazt, TooFp, EF is corrosive, and its hazards are

discussed in Bafelty Comnmittee Bulletin BM-3, TOpFp is & material of
mgried degree of foxieisy to inhala%ieﬂg and‘must be guarded against.

tte herards and methods of szfe handling are discuesed in Supplement 1

Belietin 8M=1, Revision 1.
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C~0i0 resess with human gXin, burns occur which appear

netion trpe cauvsed by heat and chemics) reaction,
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2tion of C=616 causes marked irritation of the upper
i high concentraztione, 1t is irrespirable. 1In

ral breaths may be taken, resulting in pulmonary

Tortungtely, this irritetion usually occurs high in the
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respirasbory tract and, in 811 but extremely high exposures, pre-
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2 concentrations Irom being breathsd into the lungs.  No
ceses of mores than transibory irritation of the bronchi have bean
obssrved, and none ig snticip ated unless a workmen beccmes trapned
or 1s injursed In such 2 wéy that he camnot leave tne ares.

Inhslgtion of concentrations which aprs either not irri-

or ars tolsruble may producs other untowsrd sffects; suphoria,
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dreowginess, lassituds, end nausee and vomiting. Chronic inhala
cf 2n excessivs amount may produce irritation of the”
gvidenced by the appseararnce of albumin in ths urins. Inasmuéh as
C-~£10 breaks down o & very tox ic compound, TugFg in air, & pari
ol the body damage must bs attributed to this substance. |
Intoward effectz may be preventsd énti?elv by kae?ing
the etmospheric concentration at & safe levsl and the use of pro-
tective sguipment describsd below under "CY, in emsrsenclies.

{5) Product C-815 i3 reactive with orgenic materiels and
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Trpduct C-618 ls anivoed in clesn, 4r nteksl cylinders
3 o & #

of approximately 507 and 125" wetsr cspacibty, by government Srucks:

£

sen arriving et the plent, the c¢ylinder should be hendled

by siporlenced men cnly who should relect any oylinder obviously
/
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an¢ permitted tc go iato storage only if the content 18 within the
sefe limit, {3.08 x water capaoity by weight).

Cylindere, covered with Caps provided therewith, should
be ztored out of decors until ready rfor use. Alternatively, a de-
tached brick or fireproof building or a fireproof room may be used
where storage is preferred indoors. In case of 8torage inside of
the bullding, ventilation must be provided by zn sgir exhsust syetem
with the duet cpening locsted near the flsoer. The Capactity «f this
ventllating system shourld be sufficient to provide ten eir changes
in the room every hour. e mechanicel ventilstion shalil be in
operation Defore anyoene moy snter the storgge area.

Bulk storage of more than one tank or cylindsr of C-6:6
shcutid be either out 6F deors or in g fire resistant bullding.
Sterege varde andfor gtorage builéings shell be regtricted arezs
end shall be detsehad from other buiidings. Storage bulldings
gnall have geod naiursl ventilation, and shall have mechaﬁical veh-

tilasion of sufficient capaclidy %0 zhange the gir ten times ner hour.

¥hen shipping eylinders are enpiy, they should be blown
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with nitreogen, and the nitro ~a8ed through an aotivated
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charecal abssrption gys

e%. The gotivated charcegl, when spent, ia
put inte containers and put gside for shiipping instructions. Empty
contziners with valves closed and covered with cape are to be re-

. . e e e s
arned without dziay to the zhilipper,

C. PRECAUTIONS AND SAPE™Y M ?XSURVS
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should handle C-616, These persons sﬁould be familiar with the
safe methods of handling and shﬁuld be checked freguentiy tc make
~certaln that safec methods are employed.

(2) Perindic examinations should be made by s physicien
familiar with ths characteristics of C-616 on all persons whe may
come into more than casual contact with this product. Instructions
for the physicilan will be furnished‘by the District Medical Sectlion.
Acute exposure snould be immediately seen by the projlect phyeician.

Anﬁ persoé engaged in transferring C-616 from shipping
containers to dizpensing cylinders must be fully prdtectea by
adequate clothing, shields, and masks.. The clothing shz21l ccnsist
of an inner and ocuter garmeni. .The lnner garment should be asnug-
£4tting about the neck, wriste, and anklee. The outer one, uyref-
erably of the cowver=all type, should be of g close weavs clotih, '
Tit snugly sbout the neck, end extend to wrists and over ithe shoes.
Wrist and ankle straps are desirable. The insertion of trouser
legs into tightly laced high top shoes formsefficlent protee%iono

(3)  An alarm system 1g recommended wherever considersd
necessary by the safety section having Jurisdiction, tc be sounded
in case of serious leaks or breaks in C-615 systems. OUperators
should be thoroughly famlliar with the glarm system, and should
%est 1t at the beginning of each work shift,

{4) °~ All lines and systems should be thoroughly zlean and
dry before introducing C-616. | |

(%) All systems and containers should be tested for leaks




(6} Inasmuch as C-616 183 one of the more toxic T
corpounds, in hendling C-616 there should be sdequate ventila-
tion to keep the conceatration below 20 micrcgrams per cubic
meter to prevent symptome due t0 chronic exposure,

{(7) (a) Reguler type production (150# water capacity)
C-616 cylinders have s working gage pressure of 150#/8q. in,
They ere Tilled by the profucers of C~616 with g maximum of
462# or C-5615 (3,08 = the wster capaclty by weight.,)

(b} cyiz.;aem containing C-616 should never be
heeted sbove 212%F, '

{c} Regular production type C=-616 cylinders have
& valve at both ends. The iron protection skirt on one end of
the aylin&eﬁ is longer than on %the other. The ¢ylinder number
lg s%amped on the cylinder znd inside ihe longer skirt. This
end of the eylinder contains s plain valve and this 18 the valve
whilch should be used %o remove the contents cf the cylinder in
the gae phgee. The valve on %he opposite end (the valve prot it
ed by the shorter skirt), is stiached to = dip pipe. This valve
is used in emptying liquiﬁ from the cylinder when the cylinder
is in g horizontal positicn, This vzlve should not be used in
ciacaarﬁlﬁg the C-516 as = Beoe. . |

(@) Small eylinders for use in laboratory work
should never be filled with C-616 in excess of 3.08 times the
water welght capscity. The cylinders must be czrefully checked

end weighed before any connections are masde to the apparatus,

They ghould be rigidly secured before making connections. or

h T ‘~~:; _j‘_‘__,; S
before heating to discharge contentg g%%i’"i:::~*‘“”“’“
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(e) Any containers of C-616 used at elevated
temperatures or pressures should be placed behind brick or
sheet metal barriers so as to make it impossible for the con-
tents to spray the operator in the event of a container fallures
(£; When circumstances prohibit carrying cut item

{f), the operater handling containers at elevated temperatures
zr preesures shall wear a hood, gloves, and either an air supplled,
cxygen, or Army assault type mask.

Crlinders containing C-616 should never be heated
with free flamee

(8) 1r serlous»leakage or breskage occurs:

(a) Leave affected area znd sound alarm, 1f any.

(o) Closé off the area and start the exhaust fan,

(¢} When necessary to reenter 1o make emergency
repalés or to rescue employees, wear hood and gicves and pro-
tective clothing and oxygen breathing apparatus or Army assault
tfype masks. Ancther person similarly eoulipped shzll stand by.
Unprotected personnel may reenter only after the room hzs been
feclared clear end safe by the éupervisor in charge. 4

(9) In areas where C-£16 ias handled extensively

and minor legks are frequent and sericus legks pogsikble, equip=-
ment and floors should be of a nature not harmed by water, and

roses should be nrovided as necessary sc the entire expcesed sgrea

- may be_flushéd with an excess of water.




Where water cannct be used for cleaning, the contaminailed
surfaces should be thoroughly brushed, wipeé or vacuum clezned,

(10) When C-616 comes in contact with the skin,
IMMEDIATE treatment is necessary 1f severe burns sre to be
gvolided.

(a) Flush the skin with coplous guantities of tap water.
(An emergency drenching shower equipped with a gquick aciing
valve 18 reccommended in case large quantities are Spillei on
the unprotected body.) |

(b) Remove contaminated clothing.

(¢c) Continus flushing of the skin with tap water for

-2t least 15 minutes,

(d) Soak injured srez in 25% magnesium sulfste sciution,
or place compresses of 25% magnesium sulfste over the injured
area and keep 1t moist. HNever rupiture vesicles or blisters
that have formed. This reduces incidence of secondsry in-
fection.

An aliernative 1s the apoliceticn of thé special
ragnesium paste zvsllable from the EKarel First-Aid Co., 4342

West Ogden Avenue, Chicago, Illinois.

(e) Avoid =211 pressy olntments

(f)} Obtain the services of g physician familiar with




‘EF burns, There should be avéilablé in the first-aid rcom, for
the physician's use only, a hypodermic syringe and ampoules oFf
cterile 10% calcium gluccnaste solution. Current observations
indicate that even in severe burne the sabcutaneoue gluconate
injection is rarely needed.

(g) It is imperative that even very small burns be
resported and that treatment be given,

(11) In eveat of g severe acute exposure, damage to the
lungs may occur, This i1s usually associated with sﬁbrtness of
breath and some respiragtory difficulty. Signs, on exasmxination
of the chest, are thcse of early pulmonary edema, i.e., the pres-
ence of wet ralee over lung fields, Theée patients ehould be
ept quiet, warm, and ;reated symptomatically. Oxygen msy be
necessary in treztment. The use of positive pressure cxygen
thergpy may be necessary in very severe cases.

(12) When burns of the eye occur, thé eye should be washed
immedlately with coplous quantities of tap water and medlcal
treatment sought at once. An upended faucet, or a drinking
fountain may be uzed a8 emergency eye bath, or, if these are not
available, water may be poured gently intc the victim's eyes
from a bottle or cup, Later, the eye should be washed for fifteen
minutes with 3'3% éolution ef boric acid. Subsequent treatment
should be directed by aﬁ ophthalmologist.

{13) All pereons handling C-616 sghould have a change of

coveralls each week, and, if exposed, the individual must tgke a

shower and change to fresh coverallﬁiiifimaﬁ‘*~~_-w-~m-~w_~_
)]
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{14) In arcas of maximum expcsure a shower must te taker
at the end of esch day‘s work. However, in the case of lgboratory
technicians handling quantities of C-616 not in excess of 100
grams/day, At is necessary only to wash hands before esting and
before leaving the premises for the day.

{15) Egting in workrcoms ies prohibited. It is advised
that chewing gum, chewing tobacco, and candy be kept in uncontam-
ingted areas.

(16) ¥hen removing protective clothing, the follewing
pracedure_must be followed: Wash gloves, éprenaﬁ ané boots with
zlovee 8till on the hands. BRefore remocving glcvesfibemave Tece

and

#

mask and wash in water, Take off gpron, bootz and gloveas,
wesh hands thoroughly in clean water. Store equipment carefully
in a ssfe, accessible place.

(17) 11 protectlive clothing ghould be inspected by the
local saTety committee befere 1ts re-use. Any damaged uprotective
clothing should e repeired before re-use, or discarded.

(18) Protective creams, 17 used, must be those rocommended
vy the Medical Sscticn of the U.S.E.D.

{(19) Cleaning of [leoors is done preferadbly by washing
them with copious quéntities of water, and, where this is not

vractical, vacuum sweeping may be substituted,

- £y
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Handling of g-z;g;

A, Hazards

The hazards involved in the handling of C-216 are due both to its
exlreme chemical reactivity and to its toxieity. C-216 is the strongest
oxidizing agent known and will cause extrememly painful burns. It will combine
with practically all organie compounds as well as many inorganic compounds with

explosive violence, Some metals, particularly steel, will burn in an atmos-
phere of C~216 if heated to their kindling temperatures.

, C=216 and at least one of its react‘iémprdducts (OF2) have been re-
ported to have a toxicity of the same order as that of phosgene,

B. Precautions

Because of its toxicity, €-216 should not be inhaled s even in very

dilute concentrations, An adequate ventilation system should be provide an?

. kept:in operation at all times in order to maintain the C-216 concentration
i in the air at a minimm, Never attempt to work in a section in which there is
i any appreciable concentration of C-216 or its reaction products, When the cone

centration is very low, as indicated by the é&br, work may be carried on for
limited periods of time if a supply of pure air is assured the operator by re-
quiring him to use an air mask,

These masks should be washed, disinfected, and
inspected before reuse, :

e No material is known that will furnish complete protection from high

concentrations of C-216, Both rubber and asbestos will ignite when brought
\v\‘g in contact with moderate concentrations of the gas, However, heavy rubbér
RS

'y

7

gloves should be worn at all times because they do prevent immediate contact

with C-216, and are adequate protection from low concentrations of the gas for
short periods of time. : '

troducing C-216 into it., Equipment containing C-216 should be swept with dry

5 81r or nitrogen before working on it. This will minimize but not necessarily
€liminate the hazard, particularly if valves are depended upon to isolate the
stem. Considerable trouble has been encountered with leakage in valves

to partial plugging with foreign material,

\& All handling of C~216 under pressure should be carried out from
AOFPehind a brick or conerete barricade, Ventilation should be provided onm both

‘é 411 equipment should be dry and free of organic material before in-
K

ndling C-216, due to corrosion and

This document has been approved for release
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the’ pressure can be vented and the equipment swept with nitrogen before going
behind the barricade., Asbestos gloves should be worn over the rubber gloves for
added protection. '

Cylinders of C=-216 under pressure should be handled in such a manner
that it will be impossible in case of a leak or accident for the stream of gas
to be directed on the operator. '

- Since C=-216 almost always contains some HF, the precautions applying
to the latter (see memorandum on "Handling of Hydrofluoric Acid") should always
be observed, These are in addition to those listed above.

C. First Asd
Since the reaction of C-216 with flesh is so rapid and its principal

reaction product is HF, the first aid treatment is the same as that for HF.
as given in the memorandum on "Handling of Hydrofluoric Acid"®,

RCM-mfh
Jackson laboratory
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MEDICAL CONSIDERATIONS OF WORK WITH C-616

A. Physical Properties of C-616

When C-616 reacts}with the moisture of the atmos-—
phere, HF is libérated, usually in the form of a white cloud,

and a dust Of'TOEFb of very fine particle size results,
When C-616 is absorbed into charcoal, it is changed

largely to TF)y which is relatively insoluble,

B, The Toxicity of C=616, TOsFs, and TFL

When the amount of C-616 liberated into a room is
sufficiently large, irritation of the skin and the mucous
membrane of the eyes, nose and throat is noted, Tﬁis irrita-
tion results not only from the EF formed, but also from the

corrosive properties of TOpFp. Low concentrations of C-616

in the atmosphere, like HF, are annoying from the standpoint %;
of irritation. Serious irritation from high concentrations g Q:g
is unlikely to occur, because the irritation of the upper & &
respiratory tract compels the iﬁdividualuto leave the g { &
effected area. HF in the atmosphere can be tolerated g
chronically in concentrations_up to 10 p.p.m, When the cpn-— .g} g{sg |
centration exceeds 10 P.p.m. very much, the air becomes g%sw%gg

- _ 8 NE:
irrespirable. Egmmmixnaﬁeofgglm: the - fg:gﬁ %
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The use of C-616, TOoFp an stry pre-

sents two other possible hazsrds, First, the chemical

toxicity of the materials, and second, possible harmful

effects from their natural radioactivity, IT SHOULD BE

NCTED THAT, TO DATE, NO TCXIC EFFECTS OF EITHER TYPE HAVE

BEEN OBSERVED,

1., Chemicsl Toxicity

| * The possibility of chemical toxic effects_deve10p~
ing depends upon the'relative ease with which the sub-
stances in question are absorbed by the human body by
differént routes of absorption,vi.e. from the respira-
tory tract, the gastro-intestinal tract and the skin,
Ease of absorption by any route depends upon the degree
of solubility of the compounds in body fluids., Forﬁu—
nately, TFY has a very low solubility in water and a
limited degree of solubility in dilute HC1l, On the
other hand TOpFo is highly soluble in both water and
dilute HC1,

e, Chemical Toxicity in Experimental Animals

The 1ntréperitoneal injection of water-soluble T
. materlel in dogs or rats is followed by acufe
polsoning, characterized by scvere kidney damage
affecting chiefly the convolufed tubules, and by .
the sppearance in the urine of numerous hysaline and

granular costs, Glycosurio may be present and occae-

sional red blood -eells may be Tound, —Tho presence

e e S

T e —




of acetone bodies and'other organic acids indicates
the production of acidosis. Liver damage plays a
secondary role and the principal cause of acute
polsoning must be attributed to renal damage., The
acutely toxic dose of soiuble T material by injec—
tion is of the seme orde? of megnitude as that for
mercury bichloride and arsenic trioxide,

Recent experiments have shown that conslderable
emounts of insoluble T meterial, incorporated into
the‘diet of rats o~nd mice are tolefated for fairly
long periods without the eppearance of striking
toxic symptoms., However, smaller smounts of weter-
scluble T compounds cause a retardation of growth rate
of young animals. Furthermore suggestive evidence of
storage of T compounds in the bones was obtained upon
long-continued administration of such compounds to
enimerls, | |

There is no eviderice at present that eilther TFy or
TOpFp can be sbsorbed through the unbroken skin,

Experiments on various specles of animels indicate
that iong—continued inhelation of heavy concentrations

of T compounds as dusts is followed by chemical toxic
effecte,

b. Chemicrl Toxicity for BHumsans

Acute chemicrl polsoning from T materiels has not

becn encountered i orkers., However

2 2
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effective safeguards should be taken to prevent the

cccurrence of chronic polsoning from long-continued
exposurevof workers to dusts cbntaining T materlal,
The concentration of such dusts in factory air
should be kept at a minimum ( <150 micrograms/cu.
meter) and,where dusts cannot be controlled ade-
quately by ventilation or other procedures, the use
of efficient respirators 1is 1mpera‘¢ive° No final
limit for the dust content has been set, but it has
been considered advisable to handle this material
as carefully as lead, and, therefbre, to keep the
conéentration in alr below 150 micrograms'per cuble
meter (the 1limit allowed for chronic exposure to

lead.) In areas in which C-616 is handled in small

quantities, in closed systems, or under vacuum, it

is considered extremely unlikely that toxic effects

will be encountered even if occasional mechanical

failures allow the materiagl to escape into the at-

mosphere.

In any event, careful safeguards should be taken
to reduce exposure of workers to dust as far as
possible, in order to avoid the possibility of ab-
sorption of T material By,lung, the gastro-intestinal
tract or the skin. Additional preventative measures

gret prccautions to avoid entrance into the mouth of

contaminated food, chewing tobacco, etec; cleanliness




of skin by thorough washing and frequent changes of

clothing; treatment of contaminated wounds by thor-
ough washing with a 5% solution of carbonate of soda
(solvent for many T compounds) followed by the wear-
ing of a water-tight dressing or shift to other work
until the wound 1s healed,

Because of the insidious nature of the chronic
chemical poisoning by Trcémpounds, the existence of
‘such poisoning may not be detected easily in the
early stages. The appearance of albuminurié in ex-
cess of 0,1% and renal cdsts in a previously normal
urine should be regarded as danger signals and the
worker shifted to other work and kept under observa-
tion Dby the plant physician until the urine is normal
again, '

2. Natural Radioactivity of T Matericl

The radioactivity of T material is similar to that
of redium., The emitted particles are of’the same type as
those emitted by radium, but there are fewer particles |
per unit of time and the particles are of different en-
ergies, The particles which are eﬁitted by the natural
decey of T material include alphe particles, beta particles
and small amounts of gamma rays. The energy radiated by
the disintegration of 1 microgrnm of radium will be matched

by the dlsintegration of 3~5 grams of T,
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Alpha Particle Radiation

The, alpha particles have a very low penetrating
power and are completely absorbed by less than 0,1
mm of tissue, For all practical purposes alpha
particles arising from an éxternal source may be
disregérded0 If}the particles arise from radioac-
tive material introduced into the tissues, the con-
sequences may be more serious since the ionization
along the path of the particle is very intense°

Beta Particle Radiation

Beta particles from T material are more pene-
trating than elpha particles but are sbsorbed in
the first 2 or 3 mm of tissue, Measurements have
indiceted that the beta rediation from the surface
of T material is 0.25 r per hour when the meterial
is in diréct contact with the skin., It has been
suggested by the Medical Section of the Manhattan
District that the meximum daily exposufe to the
hands be set ebove the tolerance for totsal body
radiation. The limits were determined to be O.5
r per day of beta radiatign to the hahds although,
for a limited period, it is not unlikely that oven
more radiation might be given to the hands without
delcterious effect, It is recommendcd, howcver,
that 211 feasongble preceautions be teoken to reduée

the beta radiastion to a2 minimun,

—StEC e — -
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Effects of the Natural Radioactivity en the Skin

The beta ray activity of T material conceivably
might cause damage to the skin of the hands, The
alpha ray activity may be ignored since it cannot
penetrate the superficial layers of the skin,

Damage to the skin may first be observed in the
ridges of the finger~ti§s, and the skin about the
ngil beds. The skin first becomes dry because of
the effects upon the glands in the skin. Eventu—
ally the skin beccmes brittle and cracked, The
nails may be ridged longitudinally, and crack
éasily° V

Measures bo Protect the Skin

In héndling dry compounds of T material, it heas
been recommended that canvas gloves be worn and that
e cleen pair be used deily,

Systemic Effects from Natural Radioactivity

The sppearance of systemic effects due to the
natural activity of T is not enticipated., If T
compound were stored in the body in a similar manner
to the storage of radium, it would require seversal
million times as mach T compound to produce the bio-
1ogicaf'effects encountered with redium poisoning,
This 1s deduced from a comparison of the rates of
disintegration of the two elements, and en estimate

of the energy of the emitted particles in the decay
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chain,

Systemid effects,from the natural radioactivity
of T, would firet be manifested by slowly progressive
hematologic disturbances. These hematologic changes
would involve an anemia, (diminished amount of hemo-
globin or reduction in the number of red blood cells)
of varying degree, or leukopenia ( a reduction in
the white blood cell countn) Occasionally a relative
lymphocytosis (an increase in the proportiop and
number of lymphocytes in the circulating blood) may

be the earliest indication,

Recommendations for Safe Handling

1;‘ In any operation which produces dusf of T material a
respirator safe against toxic dust should be worn, The
Comfo respirator BM 2101 with the all dust filter BM 2133
has been tested and found to be satisfactory. The
Clearvue Dustfoe respirator Bk 2147 with all dust filter
Bif 2148 ig also satisfasctory but somewhat less effiéient.
2. If C-616 escapes into a room, workmen shall leave

the area until the material hes been evagcuated, or be
provided with a gas mask having a caﬁniéter safe for ecid
gases equipped with a dust filter,'or preferably an eir-
supprlied unit.

3. If burns occur from C-616 they should be treeted in

the manner recommended for HF burns,
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4. Fume exposures to C-816 should also be treated as

exposures to HF.

D. Recommendations Concerning Personal Hygiene

1. Each employee who gets either C-616 or its hydrolysis
products on his skin shall be required to wash his hands
and face thoroughiy before eating.

2. Each employee whose skin becomes contaminated with
the materiasl shall be required to take a shower before
leaving work each day. ‘

3. Washing before meals and taking of showers will be
_ supervised,

4. Washing of hands will be done with soap and water
and a brush. Care will be taken to remove the material
deposited under the nails.

5. It 1s recommended that the use of vanishing creams
or of active wetting agents be prohibited in the clean-
up process.

6. OStreet clothing will not be worn at work in any
operation involving contact with T material; likewise
work clothing will not be worn away from work.

7. Each employee will Weaf a clean suit of work clothes
each weék. He will change at more frequent intervals if
his clothing becomes excessively soiled or if it becomes
soaked with wet T materials.

8. Eating in work rooms will be forbiddems—

L




L . 10.

. If the.employee uses cheﬁing tobaceo, adequate
precautions will be taken to prevent the tobacco from
becoming contaminated in the package, and to prevent
transfer~of T material from soiled hands to his mouth.
The same precautions also apply to the use of chewing

gum.
SAFETY COMMITTEER

D. J. LicKinzie
L. Van Orden
R. Rosen, Chairman

Capt. John L. Ferry
Medical Liaison Officer
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SAFETY COMMITTEE REGULATIONS
FOR HANDLING HYDROFLUORIC ACID IN LABORATORIES
AND FOR SMALL SCALE OPERATIONS

A, Hazagrds

(1)

(2)

(3)

The prinecipal hazard from the use of hydrofluoric acid
is the marked corrosive effect which the acid has on
tissue. If the HF is not removed after i1t comee into

contact with the skin, it tends to keep penetrating

with the production of a deep, slow-healing painful

ulceration,

Local irritation of the mucous membrane of the eyes,
nose, mouth and throat will occur if the vapor of hydro-
fluoric acid is deposited upon them, This irritatlon
fortunateiy occurs even with fairly low concentrations,
and concentrations which are sufficient to cause seri~
ous damage to the lungs éannot be breathed. Fatalitles
have been reported only in cases in which 1njury or
unconsclousness prevented the exposed person from leav-
ing the area. \ :
Even low concentrations of hydrofluoric acid (5-10%)

are capable of producing gerious burns, In thie
dilution the appeérance of pain may be delayed for
several hours, and before it appears deep penetration

of the tissues may have occurred.

Thls document has beeg
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(4)

(5)

2.

In concentrations which can be tolersted chronically
there 1s almost no possibility of producing systemic
effects. |

The following concentrations have been set tentatively
as the safe 1limits for the designated;exposures: /

a, 6 ppm. for chronic exposure |

b. 10 ppm. maxlmum concentration allowed for exposures
up to 30 min.

c. 50 ppine dangerous even for g short time.

Shipment and Storage

(1)

(2)

(3)

1

Rubber drums (ICC-43A) are the usual mesns of shipplng

100 pound lote of erld at strength of 30%, 48% and 60%.

They are treated with either an inner ply of paraffic-
impregnated rubber, or are lined with neoprene. The
venting of éubber drums 1s not essentizl as the end

of the drum acts gs é dlaphragm,

Lead carboys (ICC-1B) enclosed in a wooden box are also

used for 100 pound lots and lead Jugs (ICC-1B) are used

for 10 and 20 pcund lots of acid at strengths of 30%,

48% and 60%. Upon.receipt of a lead carboy, it should
be vented by carefully removing the large stopper. (See.
c-3.) |

Pascified steel drums (ICC spec. 5A) are sometimes used
for shipping 50% and 80% acid in lots of 165 pounds and
1000 pounds. These drums should be 1218 on fheir gldes
with the filling bungs up'ahd should be vented at weekly

intervals, The storage period should not be extended




3.

beyond four months since local corrosion,ﬁay take place,
which will result in leaks, Do not adé water to steel
drums for this disturbs the passification.

(4) Anhydrous ‘acid is shipped in ICC-UB cylinders in 6 pound,
105 pound and 205 pound lots. Cylinders should be
welghed and tagged before use..

(5) Anhydrous HF 1s also shipped in tank cars. The recom-
mended practice for uﬁloading tank cars is described in
MCA Menual Sheet TC-5, (These have been ordered and will
be sent separately.) »

(6) Hydroflﬁoric acid containers may be stored outdoors but
not directly on the ground providing they are suitably |
sheltered from the direct rays of the sun. Contalners
may be stored indoors in a cool pléce ;rovided with |
ventilation capable of produclng an air change each two
minutes. Containef must not be stored in the proximity
of steam lines or radiators.,

(7) Complete information on the recommended practice'for the
sefe handling end discharging of containers appears in MCA'
Manual Sheet H-1. (These have been ordered and will be sent
separately.) ) '

c, Operation

(1) Persons handliqg hydrofluoric acid should be equipped with
protective clothing described under E-10,

(2) when moving drums or carboys from storage areas to work
areaé, only three or fqﬁr-wheeled flat trﬁéké or a

rubber-tired acid carboy truck should be used. Large

cylinders should be transported by a cylinderfitruck°




(2)

(4)

(5)

(6)

(7

(8)

’+0

When opening an hydrofluoric acid contziner, the bung
should be removed very slowly with a long~handleq pipe
wrench, VWhen the sound of escaping gas 1s heard, the
operation should be stovped until the internal pressure
on the drum has been relleved.

Rubber drums, lead carboys and passified steel drums
should be emptied by means of a neoprene tube or lead
tube siphon, This siphon must be started by means of

& hand pressure bulb, |
Lead gasketsron flanges should be' replaced with new
ones when connecting énd disconnecting ény flénged con-
nection,

Each operation in which hydrofluoric acid is involved
should be carefully evaluated and speCiflcroperating
instructions written in collaboration with local safety
coﬁmlttee or safety engineer,

After use, tools must be immersed in 15% sodium carbon-
ate solutlion gnd then washed with tap water. All tools
used in the operation must be kept in their proper
places, and in first-clase condition,

Copper, nickel and stainless steel are recommendeq for
use 1n fabrication of HF equipment. 'Monel and steel
may be used but brass and cast iron are to be avoided.
The last two mentioned are reactive with HF and serlous
corrosidn difficulties will be encountered. If steel
1s used, extra heavy seamlese pipe and forged steel

valves and fittings are recommended,
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(9) Equipment for handling liQﬁid HF should be arranged so
that 1t can be worked on from behind a2 barricade.
Barricades must be used when feeding liquid HF to
systems under pressuréo _ \

(10) If at all possible, equipment which has contained HF
should be vented and washed with water before working
on it. In cases where the equipment must be kept dry -
1t should be swept out with dry air before working on

1t in order to reduce the hazard to a minimum,

D, Disposgl.

(1) When discarding contamihated or partially spent HF
solutions, the solutions should be diluted with suffi-
clent water so that the concentration of HF going
throﬁgh the drain 1e not in excessvof 1%. Fresh water
should be continued in the drain to aésure completev
flushing. If lerge amounts of HF solution are involved,
provisions should be made to neutrslize the HF solutlon
with lime water down to tolerance permitted by local
health authorities, |

(2) The insides of emptly shipping containers should not
be washed. All such containers should merely be closed
wlith the appropriate closure and reshipped to the

manufacturer,

"E, Precautions and Safety Messures

(1) If:severe burns are to bé prevented when HF 1s spilled

on the skin, it 1is 1mperat1ve\that that treatment be




(2)

(3)

(%)

(5)

6.

instituted immediately and thét the contaminated skin
be flushed with large quantities of water. This flush-
ing should be contlnued for at least 15 minutes 1f the

~person is not burned 80 severely that he is in shock.

An emergency shower equipped with a quick;acting valve
should be located in close proximity to the HF work
area. Contaminated clothing should be removed,

Flushing with water may be alternated withuimmersion of
the affected areéAin a2 magnesium oxide §lurryn"

This proceduré may be followed by sozking the burned
area in an iced solution of 70% alcohol, or in a satu-
rafed solution of sodium bicarbonate,

Following the flushing with water, or the sozks if the
latter procedure is elected, a special megnesla ointment
is rubbed into the burned area, and a dressing of the
same ointment appliédn (Speeizl ointment for the treat-
ment of HF burns may be obtained from the Karel First-
A1d Supply Co., 4342 West Ogden Avenue, Chicago, Illinois.
or from the Harshaw Chemical Co., Cleveland, Ohio.)

The victim would then be examined by a physician experi-

enced with this type of burn. Injection of (by the

physician) 10% solution of calcium gluconate solution

.-into, under and around the burn has been found to be

very effective in preventing penetration of HF and in
stopping the paln. It is imperative that even very

small_burns be reported and adequate treatment glven,



(6)

(7)

(8)

(9)

(10)

(11)

(12)

I

If hydrofluoric acid is splashed into the eyes, théy
should be thoroughly flushed with water, using an up-
ended faucet, a drinking fountaln, or where these are
not available water may be gently poured into the
patient's eyes from a cup or blow-bottle.

After the eyé has been flushed with ﬁater, the 1rriga=‘
tion is continued with 3% solution of boric acid or
sterile normal saline solutlion for 15 minutes or until
the doctor arrives, | |
Everyone handling HF should be educated as ‘to the
hazards and the necessity for prompt treatment,

Yhere the acid 1§ used in a process or where large
quantities of the acidﬁare required, local exhaust
ventilation should be installed to drsw off the harmful
fumes dovn to tolerable limits. (See A-Eo) |
Anyone entering area in which the acid 1is used should
wear goggles or»face shield. |
Operators working on HF equipment should always wear
rubber®* gloves. ’ _
InSpectofs, persons discharging HF or persons doing
repalr work on equipment in contact with HF should
first put on personal protective equipmentz splash-
proof goggles, cellulose acetate face mask and head
protector, rubber® apron, shoé protectors or rubbert#
boots, and rubber® gloves Respirstors should be worn,

The employee should wear rubber® gloves with the gaunt-

lets. The bottom of the apron should be below the

*Natural or synthetic




(13)

(1)

(15)

8.

tops of the rubber®* boots, if boots are worn. A thin
film of‘vaselipe applied to the goggles will lessen the
damége that might be caused by the_liquid or vapor
touehing them. In the event or a large leak or spillage,
workman should use a}rubber* sult in place of rubber®
apron, |

When repairing or dismantling hydrofluoric acid systems,
rubber®* dipped canvas gloves should be worn over the
usual rubber*.gloves° The canvas gloves are essential

to prevent ripé or tears in the rubber#® gloves,

After the acid has been puf away gnd all the:handling
equipment has been thoroughly washed with water, the
protective equipment should be taken off according to

the followving procedure, Gloves should first be thoroughly
washed with water while still on the hands, as should the
apron and foot protectors or rubber® boots, The face
mask should then be removed, while the gloves are still
on the hands, and washed in water; and then the apron,
foot protectors or rubber® boots and gloves may be taken
off. The hends should then be thoroughly washed in clean
water and thevgcggles taken off and washed., The equip-
ment should then be carefully stored.

Whenever zcid has beenrremoved from any type of drum

and the opening has again been closed, the drum should

be flushed off wlth water to protect persons who may

handle the container later.

~

*Nétural or synthetic
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(17)

(18)

(19)

(20)

9.

Clothing on which the acid has been spillled should be
removed and not again worn until it has been thoroughly
washed., Before the clothing is washed, it should first
be thoroughly scaked in water or sodium bicarbonate |
solution, _

Acld spilled’on the floor should immedlately be neutral-
ized with soda 2sh and cleaned up to reduce the danger
of burns to workmen wearing lesther choes.

Porous materials that have come in contact with the
ec1d should not be touched with the bare hands until
they have been neutralized with soda ash. Even after
neutralizing, it is advisable to wear rubber gloves
when handling such articles. Many materials, such as
rubber, are not particularly porous to acid below 40%
but when in contact with 60% for a time may require
soeking for a week %o remove the HF,.

Lunches are not to be eaten in sreas where hydrofluoric
acld is used, |

A1l protective clothing must be examined by'the local
safety committee prior to reuse.

SAFETY COMMITTEE

D. J. MeKinzie
L. Van Orden

R, Rosen, Chairman

Capt. John L. Ferry
Medical Liaison Officer




o5 —

blic by: ]
/Q/zw}i/

&

publi

This document has been approved for release

- : _sists—os;g;pagggh
M T IThisis vovy 3 of 24 éopies.
woeries Ay e

N .

= - PR ———— —— et h e s L R .
-SEERET MEMORANDUM--——- " """ SECRET - -- - {GOPY)
—_— — T s ]
e //‘/' e e e e e
g

Jamuary 19, 1944 .

CLASSTTICATICN CHANGED Tol(ég/@z%aé
o es '_'_,“v_.“-v_ - ol 7 Z/ - (C" - 2 :-'_/5- 5r A
FROM: MR. R. C. McHARNESS By exthaity of 77D~ p adid ¢

;| ,fl: ,i N -—._Dut9 /- ‘7\;'3'3 e e .
Handling of rofitioric Acid (HF
. .

A. Handling of HF in the Laboratory and Semi-Works

TO: Lt. COL. J. R. RUHOFF

Precautions to be Taken:

Hydrofluoric acid is a compound that causes severe burns which heal
slowly., This is true not only of the liquid but also of the vapor and even
of dilute sclutions, Hence rubber gloves and protective goggles, or a face
shield must be worn when handling HF in any form in open containers.

- Since the boiling point of HF is below room temperature (19° C.),
any closed container of HF must be considered to be under pressure and treated
with extra care, When working with such containers the use of a face mask
and rubber gloves is imperative. The use of a rubber hood in addition to the
face mask is also necessary if large quantities of HF are being handled or if
any difficulty is being experienced with the equipment. As an added pre-

caution it is desirable to have equipment arranged so that it can be worked on
from behind a barricade, This precaution is required when feeding liquid HF
under pressure, '

If at all possible, equipment which has contained HF should be vented
and washed with water before working on it. In cases where the equipment

must be kept dry it should be swept out with dry air before working on it in
order to reduce the hazard to a minimum, Even after this treatment, goggles

and rubber gloves must be worn, as dangerous quantities of HF may still be
present particularly in gaskets and dead end spaces,

If HF is spilled on the floor or equipment it should be washed away
Awith large amounts of water, Some materials such as rubber, wood, paint films
and various types of gaskets and packing absorb: HF quite readily., Such
materials should be handled with rubber gloves even after thorough washing with

water,
H
g Cast iron must never be used in equipment handling HF.
g3 '
22 If at all possible always work near a safety shower, If this is not
ssible then a pail of water or a running stream of watér should be close at
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should be nearby.

First Aid:

Once HF gets on the body its action is very rapid, Hence, speed is
essential if first aid is to do the most possible good, '

The first thing to do is to wash off the HF with large quantities of
water, This should require not more than 10 to 15 seconds. Then bathe the
injured portion with the Ca(OH)2 slurry., After 1 to 2 minutes wash off the
Ca(0H)2 slurry completely and apply the MgO slurry liberally. Then report to
the hospitael for further treatment.

B. Handling of HF in the Plant

Hydrofluoric Acid Building:
1. ILunches are not to be eaten in this building,

2. Hydrofluoric &acid is a compound that causes painful burns that
heal slowly; even very dilute hydrofluoric acid will cause severe burns,
Goggles must always be worn when working with equipment containing hydro-
fluoric acid, Neoprene gloves must be worn in the presence of anhydrous acid
and rubber gloves in the presence of weaker acids. Wash gloves immediately at
the conclusion of any work involving acid. All gloves are to inspected for any
imperfections before they are used, Rubbers, rubber shoes, or boots must be
worn when working with equipment containing hydrofluoric acid, When working
in the presence of acid vapors a fume or gas mask should be worn. An HF
ointment is alsoc provided to be applied to the skin affording protection
against acid vapor irritation.

~ 3. Rubber gloves and goggles must be worn when handling sulfuric
acid or when working on any equipment containing same,

4. If either sulfuric or hydrofluoric acid comes in contact with
any part of the body, wash with excess water immediately and report to the
plant hospital for further treatment.

5, Respirators must be worn when working in the presence of any
sluorspar dust, .

6. The HF plant sludge contains sulfuric and hydrofluoric acids
and may be the cause of severe burns, When working with sludge, rubbers or
pullover boots, goggles and rubber gloves must be worn,
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7. Ammonia is a poisonous gas and excessively irritating., Wear a
gas mask when it is necessary to work in ammonia fumes. Keep caps tightly
screwed on cylinders except when using gas. Ammonia fumes, when mexed with
air in certain proportions, are highly explosive, consequently an open flame
must never be used on equipment containing ammonia.

8., Air and gas mask equipment must at all times be kept in condition
for instant use., They must be cleaned and returned to their proper places
immediately following use, and in the case of gas masks the canister card must
be marked to show date, length of time used, and initials of user, Two hours
is the maximum time a canister may be used,

9. All tools used in the operation must be kept in their proper
places, and in first-class condition. Rope slings are not to be used in the
area, ,

10, All exits and safety showers must be kept unobstructed and
showers tested daily,

11. Only authorized persons are permitted to enter electric control
rooms.

. 12, There is always a possibility that any water on the floor may
contain quantities of hydrofluoric aecid, consequently it must be considered
and treated as weak hydrofluoric acid,

C. Safety Requirements for Mechanics Working on HF Equipment in

Semi-Works Engineering Area

: 1. Only first class mechanics will be allowed to work on any equip-
ment which has been subjected to HF, (This rule may be waived only by the
General Foremen),

2, Acid protection must be worn as required by the Engineering
Foremen or Area Engineers in accordance with the following type jobs:

A. Inspection of equipment and supervisiocn of work,

1. Rubbers or rubber safety shoes and one pair
of Neoprene gloves must be worn if there is
any possibility of spills or if it is necessary
to touch equipment, .
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8.

D.

Light work on.éiiuéquipment, ei;;%;iéh;ifing, ete.,
whose outside surfaces may have been exposed to HF
fumes or liquid,

1, Rubbers or rubber safety shoes and onme pair of
Neoprene gloves must be worn at all times,

Heavy work on any equipment, electric wiring, etec.,
whose outside surfaces may have been exposed to HF
fumes or liquid.

1. Rubbers or rubber safety shoes and one pair of
Neoprene covered by one pair of rubber dipped
eanvas gloves must be worn at all times. Note:
(Canvas gloves are very necessary in order to
prevent cutting and ripping of the Neoprene gloves).

Working on equipment, electric wiring, pipe lines, etc.,
whose cutside surfaces have been exposed to HF fumes

or vapor or when there is any possibility of HF vapor
or fumes escaping.

1. Omne pair of Neoprene, one pair of canvas dipped
gloves, boots, hood, and acid coat must be worn.

2. A combination hood and air mask shall be worn if
work must be done while fumes are present,

3. Instructions as to the type of protective clothing
to be worn on each specific job will be given by
the Engineering Supervision only, never by the
Operating Supervision, However, it will be the
respongibility of the Engineering Supervision to
determine all the operating details from the
Operating Supervision before safety instructions
are issued.

4o All operating equipment must be thoroughly cleaned
of process material, washed or steamed, and approved
by both the Operating and Engineering Supervision
before any mechanical work is started.

5. Mechanics working in HF equipment are to secure
Neoprene and rubber dipped gloves and overshoes
from Area Tool Room,

6. Mechanics must periodically inspect gloves while
working to determine whether gloves have been

accidentally damaged., ——————— e
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All protective clothing, tools, and the vicinity
around which the job has been completed, must be
thoroughly washed by the mechanic before he removes
his protective elothing, or leaves the jéb.

In removing gloves, first loosen both gloves with
the opposite gloved hand, and, secondly, shake gloves
off hands., Never remove gloves with the bare hands.
Goggles must be worn until gloves are removed.

A1l suspected contact of the body to process material
should immediately be washed with an abundance of
running water (and the mechanic should report immedia-
tely to the Medical Building). This quick action is
necessary, since contact with the material may cause
only a slight tingling sensation at first. If immediate
care is not given, however, a serious burn can result,
Should a person who has been exposed to hydrofluoric acld
develop a severe pain in exposed member after leaving the
Dye Works, immediately report to the Plant Medical
Building so that treatment can be given.

Care of Rubber Gloves by Tool Room Attendant.

1. Used gloves are taken by Tool Room attendant
and immersed in "Coro-Nelium® (A disinfectant),
then washed off in water, and placed on stand
to dry. After drying, they are to be tested
for holes by the Tool Room attendant and are
to be sprinkled with talcum powder and stored
in a dry place for future use.

Note: Coro-Nelium concentration to be 1 oz. to
1 gal. of water. Coro-Nelium is a strong dis-
infectant, therefore, must be handled carefully,
wearing gloves and goggles while using,




